Abstract -The gyroscope system is widely applied in various areas of engineering. From the state response of the gyroscope system, it is shown that the gyroscope system have highly nonlinearity and chaotic characteristic. In this paper, a novel scheme which use fuzzy sliding mode control (FSMC) is proposed for a gyroscope system. The proof of Lyapunove function is used to verify the error states trajectory of the gyroscope system is converges to zero. The numerical simulation results are shown that the effective and feasibility of the proposed control method.
I. INTRODUCTION
We can find that chaotic motions exist in many nonlinear control systems. Chaos synchronization can be applied in vast areas of physics and engineering science, especially in secure communication [1, 2] . In recent years, the chaotic systems synchronization has been studied in [3] [4] [5] [6] . Ge and Lee [3] apply adaptive control and random optimization method to synchronization of two-degree-of-freedom heavy symmetric gyroscope system and tracking of the parameters of the systems. Wang and Yau [4] employ differential transformation method to analyze the dynamic behavior of a gyroscope system. From the analytical results, we can find the chaotic responses in the gyroscope system. Wang and Yau apply sliding mode control law for the gyroscope system. The system states are droved from chaotic motion to periodic motion. Kuo [5, 6] apply fuzzy sliding mode control and adaptive fuzzy sliding control for two different chaos systems and chaos system synchronization, respectively.
In this paper, a solution of the global synchronization of periodic motion is presented for the gyroscope system. Based on the system proposed by Ge and Lee [3] , two fuzzy sliding mode control inputs are attached to the gyroscope system and droved the tracking error approach to zero.
The organization of this paper as follows: In section II, we address the gyroscopes system mathematical model and problem formulation. In section III, a fuzzy sliding mode control law is developed and applied to trajectories following of the gyroscope system. Section IV contains experimental result and some conclusions are given Section V. 
II. PROBLEM FORMULATION AND
. We are only considered second term for the harmonic motion in (1). The dynamic equation can rewrite as specified by motion planning system of a gyroscope. Control inputs are added to the gyroscope system. The dynamics equations of system are expressed as follows: We define the error states as . , ,
With equations (3) and (4), we obtain the error dynamics system where ⋅ is the Euclidean norm of a vector.
III. FUZZY SLIDING MODE CONTROL FOR THE SYNCHRONIZATION
The procedure of fuzzy sliding mode control for a gyroscopes system is addressed in this section. Consider error dynamic equation (5) where R ∈ λ are positive constants. When the system states hitting the sliding surface, the equivalent control will be keep the states of control system on the sliding surfaces.
The control inputs of a gyroscope system are defined as Fig. 3 . They are decomposed into seven fuzzy partitions. Fig. 3 (a) is the membership function of sliding surface. Fig. 3  (b) is the membership function of fuzzy control output. The weighted average defuzzification method is used to calculate the scrip FSMC value.
Theorem 1. Consider a gyroscope system and designed states, the gyroscope system are synchronized with designed states by control inputs ) (t u i (9) and (10) for the gyroscope system. Then the error states trajectory converges to zero.
Proof. A Lyapunove function is defined as
Differentiating (11) with respect to time yields The reaching condition 0 < V is satisfied and implies that the error states will be converges to zero, completing the proof.
IV. SIMULATION RESULTS
In this section, the numerical simulation results of the gyroscope system are given to demonstrate the possibility of the fuzzy sliding mode control. Consider the gyroscope system (3) , where all the parameters are set to 
IV. CONCLUSIONS
A gyroscope system from chaotic motion to periodic motion has been studied by fuzzy sliding mode control method in this paper. We use the fuzzy sliding mode method and Lyapunove stability to design the control law. The presented control method can guarantee that the gyroscope system is stable and robust in periodic motion. Simulation results demonstrate that fuzzy sliding control can be successfully applied to the synchronization problem of a gyroscope system and without chattering phenomena. 
